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FIG. 1
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1
COATING LAYER WITH LOW-FRICTION
FOR VEHICLE COMPONENT AND METHOD
FOR PRODUCING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a Divisional Application of U.S. patent
application Ser. No. 13/537,358 filed Jun. 29, 2012, which
claims under 35 U.S.C. §119(a) the benefit of Korea Patent
Application No. 10-2011-0118709 filed on Nov. 15,2011, the
entire contents of which are incorporated herein by reference.

BACKGROUND

(a) Technical Field

The present disclosure relates to a low-friction TiAgN
coating material for vehicle component. More particularly,
the present disclosure relates to a low-friction TiAgN coating
material, which has not only high-stiftness and low-friction
characteristics like DLC, but also high temperature wear
resistance, and a method for producing the same.

(b) Background Art

In general, a plasma coating technique may be used to coat
an untreated material with another material, thereby adding
mechanical and functional characteristics to the untreated
material. Plasma coating techniques may be divided into two
general categories: chemical vapor deposition (CVD) and
physical vapor deposition (PVD).

Several types of PVD are in common use such as, for
example, vacuum deposition, sputtering, lon plating, and the
like. I Ion plating is being used in various coating methods
according to the plasma activations method and coating mate-
rial ionization methods. For example, the arc ion plating is
used to vapor ionize a coating material (target) as a negative
electrode using arc discharge; consequently, it has been suc-
cessfully used for hard coating because it has rapid a coating
rate due to its rapid evaporation rate, which generates good
productivity, as well as high ionization, crash, and migration
energies.

Diamond like carbon (DLC) coating has been mainly used
for a low-friction coating for conventional vehicle compo-
nents. However, while DLC coating has an advantage in that
it has already been mass-produced and broadly used, it suffers
from significant problems because it has low abrasion resis-
tance and insufficient friction characteristics at both high and
low temperature. Furthermore, it also has a problem of rela-
tively long friction stable sections.

Therefore, there is a need in the art for a component coating
layer that has high-stiffhess properties, low friction proper-
ties, and high temperature wear properties to replace this
conventional DLC coating.

SUMMARY OF THE DISCLOSURE

The present invention provides a low-friction coating
material of TiAgN for a vehicle component, which has not
only the high-stiffness and low-friction characteristics of
DLC, but also high temperature wear resistance, and a
method for producing the same.

According to an exemplary embodiment of the invention,
the low-friction TiAgN coating layer for vehicle component
includes a Ti layer of base material surface; a TiN layer on the
Ti layer surface; a TiAgN layer on the TiN layer surface; and
an Ag layer transferred on the TiAgN layer surface. More
specifically, the coating layer comprises: a Ti layer deposited
on the base material surface by a Ti arc source; a TiN layer
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2

deposited on the Ti layer surface by a Ti arc source and
nitrogen gas; a TiAgN layer deposited on the TiN layer sur-
face by a Ti arc source, an Ag sputtering source and nitrogen
gas; and a Ag layer transferred on the TiAgN layer surface by
shearing and vertical loads after being deposited on the
TiAgN layer surface by an Ag sputtering source.

The thicknesses of the Ti layer, the TiN layer, the TiIAgN
layer and the Ag layer may range from about 0.08 t0 0.15 pm,
about 0.05 to 0.1 um, about 1.5 to 2 pm, and about 0.1 um or
less (not including 0), respectively.

A coating method according to an exemplary embodiment
of the invention for producing the coating layer includes: a
preparation step of cleaning a base material surface and then
preparing the internal atmosphere of a deposition chamber to
the vacuum/high temperature atmosphere; the first buffer step
of'depositing a Ti layer on the base material surface by a Ti arc
source; the second buffer step of depositing a TiN layer on the
Ti layer surface by a Ti arc source and nitrogen gas; the first
coating step of depositing a TiAgN layer on the TiN layer
surface by a Ti arc source, an Ag sputtering source and nitro-
gen gas; and the second coating step of depositing an Ag layer
onthe TiAgN layer surface by an Ag sputtering source. In the
second coating step, after depositing the Ag layer, the Ag
layer can be transferred to the surface of the TiAgN layer by
shearing and vertical loads.

The preparation step can form the vacuum of 107>~107¢
torr and a high temperature atmosphere of 400 to 500° C.

The first buffer step can form the Ti layer o a thickness of
about 0.08 to 0.15 pm. The second buffer step can form the
TiN layer to a thickness of about 0.05 to 0.1 um. The first
coating step can form the TiAgN layer to a thickness of about
1.5 to 2 um. The second coating step can form the Ag layer to
a thickness of about 0.1 um or less (not including 0).

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features of the present invention will
now be described in detail with reference to certain exem-
plary embodiments thereof illustrated the accompanying
drawings which are given hereinbelow by way of illustration
only, and thus are not limitative of the present invention, and
wherein:

FIGS. 1 and 2 are drawings representing a cross section and
a production process for the low-friction coating layer
according to an exemplary embodiment of the present inven-
tion.

FIG. 3 is a graph comparing the friction coefficients of the
coating layers illustrated in FIGS. 1 and 2 to the conventional
art DLC coating; and

FIG. 4 is a graph comparing the friction stable sections of
the coating layers illustrated in FIGS. 1 and 2 to the conven-
tional DLC coating.

It should be understood that the appended drawings are not
necessarily to scale, presenting a somewhat simplified repre-
sentation of various preferred features illustrative of the basic
principles of the invention. In the figures, reference numbers
refer to the same or equivalent parts of the present invention
throughout the several figures of the drawing.

DETAILED DESCRIPTION

Hereinafter reference now be made in detail to various
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings and described
below. While the invention will be described in conjunction
with exemplary embodiments, it will be understood that the
present description is not intended to limit the invention to
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those exemplary embodiments. On the contrary, the invention
is intended to cover not only the exemplary embodiments, but
also various alternatives, modifications, equivalents and other
embodiments, which may be included within the spirit and
scope of the invention as defined by the appended claims.

Unless specifically stated or obvious from context, as used
herein, the term “about” is understood as within a range of
normal tolerance in the art, for example within 2 standard
deviations of the mean. “About” can be understood as within
10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%, 0.1%,
0.05%, or 0.01% of the stated value. Unless otherwise clear
from the context, all numerical values provided herein are
modified by the term “about.”

Ranges provided herein are understood to be shorthand for
all of the values within the range. For example, a range of 1 to
50is understood to include any number, combination of num-
bers, or sub-range from the group consisting of'1,2,3,4, 5, 6,
7,8,9,10,11,12,13,14,15,16,17,18,19, 20,21, 22,23, 24,
25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40, 41,
42,43,44,45,46,47, 48, 49, or 50, as well as all intervening
decimal values between the aforementioned integers such as,
for example, 1.1,1.2,1.3,1.4,1.5,1.6,1.7,1.8,and 1.9. With
respect to sub-ranges, “nested sub-ranges” that extend from
either end point of the range are specifically contemplated.
For example, a nested sub-range of an exemplary range of 1 to
50 may comprise 1 to 10, 1 to 20, 1 to 30, and 1 to 40 in one
direction, or 50 to 40, 50 to 30, 50 to 20, and 50 to 10 in the
other direction.

It is understood that the term “vehicle” or “vehicular” or
other similar term as used herein is inclusive of motor
vehicles in general such as passenger automobiles including
sports utility vehicles (SUV), buses, trucks, various commer-
cial vehicles, watercraft including a variety of boats and
ships, aircraft, and the like, and includes hybrid vehicles,
electric vehicles, plug-in hybrid electric vehicles, hydrogen-
powered vehicles and other alternative fuel vehicles (e.g.,
fuels derived from resources other than petroleum). As
referred to herein, a hybrid vehicle is a vehicle that has two or
more sources of power, for example both gasoline-powered
and electric-powered vehicles.

Hereinafter, a low-friction coating layer for a vehicle com-
ponent, and a method for producing the same according to the
e preferred embodiments of the present invention will be
described in detail with reference to the accompanying draw-
ings.

FIGS. 1 and 2 are drawings representing a cross section and
a producing process of the low-friction coating layer with
according to an exemplary embodiment of the present inven-
tion. The low-friction coating layer of the present invention
includes a Ti layer base material surface 100; a TiN layer 300
on the Ti layer 100 surface; a TiAgN layer 500 on the TiN
layer 300 surface; and an Ag layer 700" transferred on the
TiAgN layer 500 surface. In other words, the low-friction
coating layer includes a Ti base layer 100, a TiN layer 300,
and a TiAgN layer 500, where the TiN layer 300 is sand-
wiched between the Ti base layer 100 and the TiAgN layer
500. Additionally, an Ag layer 700' is transferred into the
TiAgN layer.

More specifically, the low-friction coating layer for vehicle
component of the present invention comprises: a Ti layer 100
deposited on the base material surface by a Ti arc source; a
TiN layer 300 deposited on the Tilayer 100 surface by a Ti arc
source and nitrogen gas; a TiAgN layer 500 deposited on the
TiN layer 300 surface by a Ti arc source, Ag sputtering source,
and nitrogen gas; and an Ag layer 700 transferred on the
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TiAgN layer 500 surface by shearing and vertical loads after
being deposited on the TiAgN layer 500 surface by an Ag
sputtering source.

According to an exemplary embodiment of the invention,
the thicknesses of the Ti layer 100, the TiN layer 300, the
TiAgN layer 500, and the transferred Ag layer 700' may range
from 0.08 to 0.15 um, 0.05 t0 0.1 um, 1.5 to 2 pm, and 0.1 um
or less (not including 0), respectively.

According to an exemplary embodiment, a method to pro-
duce the low-friction coating layer for vehicle component
includes: a preparation step of cleaning a base material sur-
face and then preparing the internal atmosphere of a deposi-
tion chamber to the vacuum/high temperature atmosphere; a
first buffer step of depositing a Ti layer on the base material
surface by a Ti arc source; a second buffer step of depositing
a TiN layer on the Ti layer surface by a Ti arc source and
nitrogen gas; a first coating step of depositing a TiAgN layer
on the TiN layer surface by a Ti arc source, an Ag sputtering
source, and nitrogen gas; and a second coating step of depos-
iting an Ag layer on the TiAgN layer surface by an Ag sput-
tering source. According to an exemplary embodiment, in the
second coating step, after depositing the Ag layer, the Ag
layer is transferred to the surface of the TiAgN layer by
shearing and vertical loads.

The coating layer of the present invention can be formed by
PVD (Physical vapor deposition). In this process, an initial
cleaning process is conducted. In the cleaning step, as a
pre-treatment step before coating the re-carburized base
material surface, impurities on the surface of a test sample are
removed by ultrasonic cleaning with ethanol (e.g., for about
10 to 15 min) and acetone (e.g., for about 3 to 5 min) and
drying (e.g., for about 5 to 10 min), so as to obtain uniform
coating quality,

Then, in a vacuum process, the degree of vacuum is formed
to 1072 to 107> torr in a chamber using a rotary pump ofa PVD
equipment, and then the vacuum atmosphere is increased to
107 to 107 torr using a turbo Main Pump. The degree of
vacuum of 1072 torr or less is checked with an ion gauge
located on top of the chamber, and the process is conducted at
the degree of vacuum of 1077 torr or less,

Inthe heating process, the temperature in the chamber is set
to about 400 to 500° C. or more, so as to facilitate reaction of
N (nitrogen), and the heating time is set to about 40 to 60 min
s0 as to make the surface and interior temperature distribution
of'atest sample to coat and the temperature atmosphere in the
chamber uniform.

As inthe above described cleaning process, the test sample,
wherein the impurities were removed with ethanol and
acetone, is cleaned using an ion gun for about 15 to 20 min or
more to improve the adhesion property between a buffer layer
and the base material. Then, the first bufter step, the second
buffer step, the first coating step and the second coating step
are conducted.

In the first buffer step, fixing the Ti layer using the ion
source is conducted to improve the adhesion property of the
TiAgN layer as a functional coating layer, and a Ti element
and Ar gas is crashed into the test sample to coat to obtain the
surface cleaning effect and to be implanted to the base mate-
rial of the test sample by applying high power Bias (400 to
600 V) to the arc source (70 A to 80 A) having high energy
density, and the deposition thickness is set to 0.08~0.15 pm.

In the second buffer step, if the TiAgN layer is directly
deposited on the Ti layer, the adhesion property may be
reduced by a stress singularity formed on the interface due to
the difference in the lattice constant; consequently, it may
become cause interfacial stress concentration, and ultimately
cause the destruction of the coating layer. Therefore, the TiN



US 9,061,479 B2

5

layer is deposited to a thickness 0of 0.05t0 0.1 pm or less using
the arc source (70 to 80 A) to improve bonding strength
between interfaces.

In the first coating step, TiAgN layer coating (1.5 to 2 pm)
is conducted by activating two ion sources of the arc source
(80 to 120V) and sputtering source (0.7 to 1 A). However, the
arc source and the test sample are separated by a distance of
20 to 25 um to prevent the deposition of macro particles,
which can be formed from the arc source, so as to improve the
surface roughness.

In the second coating step, the Ag layer is doped to 0.05 to
0.1 um or s using the sputtering source (0.6 to 0.8 A) to
improve the low-friction property of the functional element
Ag unlike the improvement of adhesion property as the object
of the conventional buffer. The surface roughness and run-
ning-in effect are embodied by forming a layer with Ag
micro-particles against the Ti particles of the arc source to
improve the friction property at real environment (combined
load).

FIG. 1 represents a state of depositing the top Ag layer, and
FIG. 2 represents a state of transferring the Ag layer to the
TiAgN layer of a lower part by adding vertical and horizontal
shearing forces. A part of the Ag layer is removed by load and
friction, and another part is transferred to the TiAgN layer so
as to form a modified TiAgN layer with strong functional
characteristic of Ag (low-friction). Through this, as an initial
friction stable property, a running-in effect (a state wherein
the friction coefficient increases under the influence of the
surface roughness on the contact surface at the beginning of
an experiment, and then the roughness and the surface oxide
film are removed followed by being stabilized) can also be
fulfilled.

Finally, furnace cooling is conducted to the room tempera-
ture to prevent modification of the coating layer, and to make
the characteristics uniform.

FIG. 3 is a graph comparing the friction coefficients of the
coating layers illustrated in FIGS. 1 and 2 to the conventional
DLC coating. The friction characteristic at the room tempera-
ture, when the Ag layer was a transferred TiIAgN (Ag), it was
confirmed that the friction characteristic was improved 200%
or more compared with that of the general TiAgN. Further,
the friction characteristic at high temperature was improved
141% compared with the mass produced DLC. In other
words, the high temperature wear resistance was improved.

FIG. 4 is a graph comparing the friction stable sections of
the coating layers illustrated in FIGS. 1 and 2 to the conven-
tional DLC coating, When the Ag layer was a transferred
TiAgN (Ag), it was confirmed that the friction characteristic
was good, and, as the running-in effect, the friction stable
section was reduced, compared with those of the mass pro-
duced DLC and general TiAgN.

The low-friction coating layer for vehicle component con-
sisting of the exemplary structure described above and the
method for producing the same, a TiAgN coating layer with
not only high-stiffness and low-friction characteristics of
DLC but also high temperature wear resistance can be pro-
vided.

While the invention will be described in conjunction with
exemplary embodiments, it will be understood that the
present description is not intended to limit the invention to
those exemplary embodiments. On the contrary, the invention
is intended to cover not only the exemplary embodiments, but
also various alternatives, modifications, equivalents and other
embodiments, which may be included within the spirit and
scope of the invention as defined by the appended claims.
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What is claimed is:

1. A method for producing a low-friction coating layer
comprising:

(a) cleaning a base material surface;

(b) preparing the internal atmosphere of a deposition

chamber to a vacuum/high temperature atmosphere;

(c) depositing the Ti layer on the base material surface by a
Ti arc source;

(d) depositing the TiN layer on the Ti layer surface by a Ti
arc source and nitrogen gas;

(e) depositing a TiAgN layer on the TiN layer surface by a
Ti arc source, an Ag sputtering source, and nitrogen gas;
and

(f) depositing an Ag layer on the TiAgN layer surface by an
Ag sputtering source.

2. The method of claim 1 further comprising:

transferring the Ag layer to the surface of the TiAgN layer
by shearing and vertical loads.

3. The method of claim 1 wherein the vacuum/high tem-
perature atmosphere of step (b) comprises a vacuum of about
10-5to 10-6 torr and a high temperature of about 400 to 500°
C.

4. The method of claim 1 wherein the Ti layer is formed to
a thickness of 0.08 to 0.15 pm.

5. The method of claim 1, wherein the TiN layer is formed
to a thickness of 0.05 to 0.1 pm.

6. The method of claim 1, wherein the TiAgN layer is
formed to a thickness of 1.5 to 2 pm.

7. The method of claim 1, wherein the Ag layer is formed
to a thickness of 0.1 um or less.

8. The method of claim 7 wherein the Ag layer is formed to
a thickness of 0.1 to 0.0000000001 pum.

9. The method of claim 1 wherein the low-friction coating
layer comprises:

a Ti layer;

a TiN layer;

a TiAgN layer, wherein the TiN layer is sandwiched

between the Ti layer and the TiAgN layer; and

an Ag layer transferred onto the TiAgN layer surface.

10. The method of claim 2 wherein the low-friction coating
layer comprises:

a Ti layer;

a TiN layer;

a TiAgN layer, wherein the TiN layer is sandwiched

between the Ti layer and the TiAgN layer; and

an Ag layer transferred onto the TiAgN layer surface.

11. The method of claim 3 wherein the low-friction coating
layer comprises:

a Ti layer;

a TiN layer;

a TiAgN layer, wherein the TiN layer is sandwiched

between the Ti layer and the TiAgN layer; and

an Ag layer transferred onto the TiAgN layer surface.

12. The method of claim 4 wherein the low-friction coating
layer comprises:

a Ti layer;

a TiN layer;

a TiAgN layer, wherein the TiN layer is sandwiched

between the Ti layer and the TiAgN layer; and

an Ag layer transferred onto the TiAgN layer surface.

13. The method of claim 5 wherein the low-friction coating
layer comprises:

a Ti layer;

a TiN layer;

a TiAgN layer, wherein the TiN layer is sandwiched

between the Ti layer and the TiAgN layer; and

an Ag layer transferred onto the TiAgN layer surface.
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